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[57] ABSTRACT 

This invention provides compounds of Formula I having the 
structure 

(I) 

Wherein 

B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, 5-thiaZolidine-2,4-dione, —CH 
(R4)CH2CO2R3, —COR3, or —PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, aryl, —CH2(1H-imidaZol-4-yl), 
—CH2(3-1H-indolyl), —CH2CH2(1,3-dIOXO-1,3 
dihydro-isoindol-2-yl), —CH2CH2(1-oXo-1,3-dihydro 
isoindol-2-yl), or —CH2(3-pyridyl); 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN, 5-tetraZole, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
or a pharmaceutically acceptable salt thereof, Which are 

useful in treating metabolic disorders related to insulin 
resistance or hyperglycemia. 

13 Claims, No Drawings 
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4-ARYL-1-OXA-9-THIA-CYCLOPENTA[B] 
FLUORENES 

This application claims the bene?t of US. Provisional 
Application No. 60/135,096 ?led May 12, 1998, Which Was 
converted from US. patent application Ser. No. 09/076,623, 
?led May 12, 1998, pursuant to a petition ?led under 37 
C.F.R. 1.53(c)(2)(i) on Jul. 6, 1998. 

BACKGROUND OF THE INVENTION 

The prevalence of insulin resistance in glucose intolerant 
subjects has long been recogniZed. Reaven et al (American 
Journal of Medicine 1976, 60, 80) used a continuous infu 
sion of glucose and insulin (insulin/glucose clamp 
technique) and oral glucose tolerance tests to demonstrate 
that insulin resistance existed in a diverse group of 
nonobese, nonketotic subjects. These subjects ranged from 
borderline glucose tolerant to overt, fasting hyperglycemia. 
The diabetic groups in these studies included both insulin 
dependent (IDDM) and noninsulin dependent (NIDDM) 
subjects. 

Coincident With sustained insulin resistance is the more 
easily determined hyperinsulinemia, Which can be measured 
by accurate determination of circulating plasma insulin 
concentration in the plasma of subjects. Hyperinsulinemia 
can be present as a result of insulin resistance, such as is in 
obese and/or diabetic (NIDDM) subjects and/or glucose 
intolerant subjects, or in IDDM subjects, as a consequence 
of over injection of insulin compared With normal physi 
ological release of the hormone by the endocrine pancreas. 

The association of hyperinsulinemia With obesity and 
With ischemic diseases of the large blood vessels (e.g. 
atherosclerosis) has been Well established by numerous 
experimental, clinical and epidemiological studies 
(summarized by Stout, Metabolism 1985, 34, 7, and in more 
detail by Pyorala et al, Diabetes/Metabolism Reviews 1987, 
3, 463). Statistically signi?cant plasma insulin elevations at 
1 and 2 hours after oral glucose load correlates With an 
increased risk of coronary heart disease. 

Since most of these studies actually excluded diabetic 
subjects, data relating the risk of atherosclerotic diseases to 
the diabetic condition are not as numerous, but point in the 
same direction as for nondiabetic subjects (Pyorala et al). 
HoWever, the incidence of atherosclerotic diseases in mor 
bidity and mortality statistics in the diabetic population 
eXceeds that of the nondiabetic population (Pyorala et al; 
Jarrett Diabetes/Metabolism Reviews 1989,5, 547; Harris et 
al, Mortality from diabetes, in Diabetes in America 1985). 

The independent risk factors obesity and hypertension for 
atherosclerotic diseases are also associated With insulin 
resistance. Using a combination of insulin/glucose clamps, 
tracer glucose infusion and indirect calorimetry, it has been 
demonstrated that the insulin resistance of essential hyper 
tension is located in peripheral tissues (principally muscle) 
and correlates directly With the severity of hypertension 
(DeFronZo and Ferrannini, Diabetes Care 1991, 14, 173). In 
hypertension of the obese, insulin resistance generates 
hyperinsulinemia, Which is recruited as a mechanism to limit 
further Weight gain via thermogenesis, but insulin also 
increases renal sodium reabsorption and stimulates the sym 
pathetic nervous system in kidneys, heart, and vasculature, 
creating hypertension. 

It is noW appreciated that insulin resistance is usually the 
result of a defect in the insulin receptor signaling system, at 
a site post binding of insulin to the receptor. Accumulated 
scienti?c evidence demonstrating insulin resistance in the 
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2 
major tissues Which respond to insulin (muscle, liver, 
adipose), strongly suggests that a defect in insulin signal 
transduction resides at an early step in this cascade, speci? 
cally at the insulin receptor kinase activity, Which appears to 
be diminished (revieWed by Haring, Diabetalogia 1991, 34, 
848). 

Protein-tyrosine phosphatases (PTPases) play an impor 
tant role in the regulation of phosphorylation of proteins. 
The interaction of insulin With its receptor leads to phos 
phorylation of certain tyrosine molecules Within the receptor 
protein, thus activating the receptor kinase. PTPases dephos 
phorylate the activated insulin receptor, attenuating the 
tyrosine kinase activity. PTPases can also modulate post 
receptor signaling by catalyZing the dephosphorylation of 
cellular substrates of the insulin receptor kinase. The 
enZymes that appear most likely to closely associate With the 
insulin receptor and therefore, most likely to regulate the 
insulin receptor kinase activity, include PTP1B, LAR, PTPO. 
and SH-PTP2 (B. J. Goldstein, J. Cellular Biochemistry 
1992, 48, 33; B. J. Goldstein, Receptor 1993, 3, 1—15,; F. 
Ahmad and B. J. Goldstein Biochim. Biophys Acta 1995, 
1248, 57—69). 
McGuire et al. (Diabetes 1991, 40, 939), demonstrated 

that nondiabetic glucose intolerant subjects possessed sig 
ni?cantly elevated levels of PTPase activity in muscle tissue 
vs. normal subjects, and that insulin infusion failed to 
suppress PTPase activity as it did in insulin sensitive sub 
jects. 

Meyerovitch et al (J. Clinical Invest. 1989, 84, 976) 
observed signi?cantly increased PTPase activity in the livers 
of tWo rodent models of IDDM, the genetically diabetic BB 
rat, and the STZ-induced diabetic rat. Sredy et al 
(Metabolism, 44, 1074, 1995) observed similar increased 
PTPase activity in the livers of obese, diabetic ob/ob mice, 
a genetic rodent model of NIDDM. 
The compounds of this invention have been shoWn to 

inhibit PTPases derived from rat liver microsomes and 
human-derived recombinant PTPase-1B (hPTP-1B) in vitro. 
They are useful in the treatment of insulin resistance asso 
ciated With obesity, glucose intolerance, diabetes mellitus, 
hypertension and ischemic diseases of the large and small 
blood vessels. 
K. ShinZo, et al., Heterocylces 1982, 19, 1033—1037 dis 
closed a synthesis of benZo[b]naphtho[2,3-d]thiophenes of 
Which tWo eXamples also had a 11-phenyl substituent as 
shoWn by structure A beloW. The compounds shoWn by 
structure A differ from that in the present invention in that 
the terminal furan ring of the compounds in the present 
invention is replaced by a benZene ring. None of these prior 
art compounds are for the indications of diabetes or PTPase 
inhibitors. 

(A), R = H, CH3 

DESCRIPTION OF THE INVENTION 

This invention provides compounds of Formula I having 
the structure 
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(I) 

wherein 
B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, 5-thiaZolidine-2,4-dione, —CH 
(R4)CH2CO2R3, —COR3, or —PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, aryl, —CH2(1H-imidaZol-4-yl), 
—CH2(3-1H-indolyl), —CH2CH2(1,3-dioxo-1,3 
dihydro-isoindol-2-yl), —CH2CH2(1-oxo-1,3-dihydro 
isoindol-2-yl), or —CH2(3-pyridyl); 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN, 5-tetraZole, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
or a pharmaceutically acceptable salt thereof, Which are 

useful in treating metabolic disorders related to insulin 
resistance or hyperglycemia. 

Pharmaceutically acceptable salts can be formed from 
organic and inorganic acids, for example, acetic, propionic, 
lactic, citric, tartaric, succinic, fumaric, maleic, malonic, 
mandelic, malic, phthalic, hydrochloric, hydrobromic, 
phosphoric, nitric, sulfuric, methanesulfonic, 
napthalenesulfonic, benZenesulfonic, toluenesulfonic, 
camphorsulfonic, and similarly knoWn acceptable acids 
When a compound of this invention contains a basic moiety, 
such as When R2 is CH2(3-pyridyl) or contains similar basic 
moieties. Salts may also be formed from organic and inor 
ganic bases, preferably alkali metal salts, for example, 
sodium, lithium, or potassium, When a compound of this 
invention contains a carboxylate or phenolic moiety. 

Alkyl includes both straight chain as Well as branched 

moieties. Halogen means bromine, chlorine, ?uorine, and 
iodine. It is preferred that the aryl portion of the aryl or 
aralkyl substituent is a phenyl or naphthyl; With phenyl 
being most preferred. The aryl moiety may be optionally 
mono-, di-, or tri-substituted With a substituent selected from 

the group consisting of alkyl of 1—6 carbon atoms, alkoxy of 
1—6 carbon atoms, tri?uoromethyl, halogen, alkoxycarbonyl 
of 2—7 carbon atoms, alkylamino of 1—6 carbon atoms, and 
dialkylamino in Which each of the alkyl groups is of 1—6 
carbon atoms, nitro, cyano, —COZH, alkylcarbonyloxy of 
2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon atoms. 

The compounds of this invention may contain an asym 
metric carbon atom and some of the compounds of this 
invention may contain one or more asymmetric centers and 
may thus give rise to optical isomers and diastereomers. 
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4 
While shoWn Without respect to stereochemistry in Formula 
I, the present invention includes such optical isomers and 
diastereomers; as Well as the racemic and resolved, enan 
tiomerically pure R and S stereoisomers; as Well as other 
mixtures of the R and S stereoisomers and pharmaceutically 
acceptable salts thereof. 
The compounds of this invention may be atropisomers by 

virtue of possible restricted or sloW rotation about the 

aryl-tetracyclic single bond. This restricted rotation creates 
additional chirality and leads to enantiomeric forms. If there 

is an additional chiral center in the molecule, diasteriomers 

exist and can be seen in the NMR and via other analytical 

techniques. While shoWn Without respect to atropisomer 
stereochemistry in Formula I, the present invention includes 

such atoropisomers (enantiomers and diastereomers; as Well 
as the racemic, resolved, pure diastereomers and mixutures 

of diasteomers) and pharmaceutically acceptable salts 
thereof. 

Preferred compounds are those in Which B and D are 

halogen; those in Which R1 is hydrogen or —CH(R2)W; and 
those in Which R1 is hydrogen or —CH(R2)W, Wherein R2 
is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 6—12 
carbon atoms, or aryl, W is —CO2R3, or CONH2, and R3 is 
hydrogen, or alkyl of 2—6 carbon atoms. More preferred 
compounds of this invention are: 

((R)-2-[4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta[b] 
?uoren-4-yl)-2,6-diiodo-phenoxy]—3-phenyl-propionic 
acid; and 

(R)-2-[4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta[b] 
?uoren-4-yl)-2,6-diiodo-phenoxy]-propionic acid. 

The compounds of this invention can be prepared accord 
ing to the folloWing schemes from commercially available 
starting materials or starting materials Which can be pre 
pared using to literature procedures. These schemes shoW 
the preparation of representative compounds of this inven 
tion. 

Scheme 1 
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-continued 

no 

In Scheme 1, commercially available thianaphthene (Ila) 
is treated With one to 1.3 molar equivalents of an alkyl 
lithium reagent such as N-butyl lithium most preferably in a 
nonprotic solvent such as THF at temperatures ranging from 
—78° C. to room temperature under an inert atmosphere such 
as nitrogen or argon to provide the 2-lithiated-thianaphthene 
derivative. This lithiated analog is reacted in situ With one or 
more molar equivalents of 4,5-dimethyl-2-furanaldehyde 
(IIb) (prepared from Vilsmeir-Haack formylation of com 
mercially available 4,5-dimethylfuraldehyde; S. F. Martin, et 
al. J. Org. Chem. 1984, 49, 2512—2516), generally at —78° 
C. to room temperature for 5 min to 3 h to provide the 
compound of formula (III: Q=OH). The hydroxy group 
(Q=OH) of (III) can be removed by a number of reduction 
procedures such as hydrogenation using palladium catalysts 
to produce the compound of formula (III: Q=H) but is most 
conveniently removed using a modi?cation of the method of 
Nutaitis, et. al. (Org. Prep. and Proceed. Int. 1991, 23, 
403—411) in Which (III: Q=OH) is stirred With one to ten 
molar equivalents of sodium borohydride in a suitable 
solvent such as ether, THF, dichloromethane or carbon 
disul?de at 0° C. to room temperature and one to ?fty molar 
equivalents of tri?uoroacetic acid is sloWly added over a 15 
min to 3 h period to produce the compound of formula (III: 
Q=H). 

The compounds of formula (III: Q=H) can be reacted 
With one or more molar equivalents of a commercially 
available benZoic acid chloride of formula (IV: B, D is H) to 
produce the cyclic derivative of formula (Ia: B, D is This 
reaction is accomplished most readily using a one to ?ve 
molar equivalents of a LeWis acid catalyst such as tin 
tetrachloride or aluminum chloride in an inert solvent such 
as dichloromethane, 1, 2-dichloroethane, ether or carbon 
disul?de, generally at temperatures ranging from —78° C. to 
room temperature. 

In an analogous fashion to the reactions above in Scheme 
1, the compounds of formula (Ia: B, D is loWer alkyl) can be 
prepared starting from the compound of formula (III: Q is H) 
and the appropriate benZoic acid chloride (IV: B, D is loWer 
alkyl). The benZoic acid chloride (IV: B, D is loWer alkyl). 
is prepared from the corresponding benZoic acid by standard 
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6 
procedures using reagents such as oxalyl chloride and thio 
nyl chloride. The starting benZoic acid of the benZoic acid 
chloride (IV: B, D is loWer alkyl) is commercially available 
or can be easily prepared by knoWn procedures. For 
example, the acid starting material for benZoic acid chloride 
(IV: B, D is isopropyl) can be prepared using a modi?cation 
of the method of Schuster, et al., J. Org. Chem 1988, 53, 
5819. Thus commercially available 2, 6-diisopropyl phenol 
is brominated in the 4-position (bromine/acetic acid), 
methylated (iodomethane/potassium carbonate/DMF), 
reacted With n-butyl lithium to effect lithium halogen 
exchange and the resultant organolithium species is reacted 
With carbon dioxide to provide 3, 5-diisopropyl, 4-methoxy 
benZoic acid. 

The methyl ethers of formula (Ia: B, D is H, loWer alkyl) 
can be demethylated to the phenols of formula (Ia‘: B, D is 
H, loWer alkyl) using standard demethylation procedures 
including one or more molar equivalents of boron tribromide 
or boron trichloride in dichloromethane at —78° C. to room 
temperature; excess neat pyridinium hydrochloride at 190 to 
280° C.; hydrobromic acid in acetic acid at 0° C. to 50° C.; 
excess trimethylsilylbromide or trimethylsilyliodide in 
dichloromethane, carbon tetrachloride or acetonitrile at —78° 
C. to 50° C.; lithium iodide in pyridine or quinoline at 
temperatures from 100° to 250° C. and one or more molar 
equivalents of ethyl, methyl or isopropyl mercaptan in the 
presence of one or more molar equivalents of a LeWis acid 
such as aluminum trichloride or boron tri?uoride in a solvent 
such as dichloromethane at temperatures ranging from —78° 
C. to 50° C. 

Scheme 2 

The phenol of formula (Ib) (Scheme 2) can be conve 
niently iodinated to the diiodophenol of formula (Ic: B, D is 
I; R1 is H) using at least tWo molar equivalents of iodine in 
the presence of tWo or more molar equivalents of an alkali 
metal hydroxide such as NaOH in an alcohol solvent such as 
methanol at —20° C. to room temperature. Similarly the 
monoiodophenol (Ic: B is I; R1, D is H) can be prepared 
from the phenol of formula (Ib) (Scheme 2) using one to 1.5 
molar equivalents of iodine in the presence of at least one 
equivalent of an alkali metal hydroxide such as NaOH in an 
alcohol solvent such as methanol at —20° C. to room 
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temperature. Either the monoiodophenol (Ic: B is I; R1, D is 
H) or the diiodophenol (Ic: B, D is I; R1 is H) can be 
converted to the respective methyl ether derivative of for 
mula (Ic: B is I; D is H; R1 is Me) or (Ic: B, D is I; R1 is Me) 
by reacting the phenol moiety With a suitable methylating 
agent such as one or more molar equivalents of methyl 
iodide or dimethylsulfate employing a base such an alkali 
methyl carbonate or hydroxide such as potassium carbonate 
or sodium hydroxide in a suitable solvent such as THE DMF 
or DMSO. The reaction is generally performed at tempera 
tures ranging from 0° C. to 60° C. 

The monoiodo methylether derivative of formula (Ic: B is 
I; D is H; R1 is Me) or the diiodo methylether of formula (Ic: 
B, D is I; R1 is Me) can be reacted With one or more molar 
equivalents of copper (I) cyanide for the monoiodo analog or 
tWo or more molar equivalents of copper (I) cyanide for the 
diiodo derivative to produce the monocyanomethyl ether of 
formula (Ib: B is CN; D is H; R1 is Me) or the dicyanomethyl 
ether of formula (Ib: B, D is CN; R1 is Me). The cyanation 
reaction is generally performed at temperatures ranging 
from 100° C. to 250° C. employing polar aprotic solvents 
such as DMF, 1-methyl-2-pyrrolidinone or HMPA. Quino 
line or pyridine can also be used. 

The mono or dicyano methoxy analogs of formula (Ib: B 
is CN; D is H or CN; R1 is Me) can be converted to the 
corresponding mono or dicyano phenol analogs of formula 
(Ic: B is CN; D is H or CN; R1 is H) (Scheme 2) using 
standard demethylation procedures including one or more 
molar equivalents of boron tribromide or boron trichloride in 
dichloromethane at —78° C. to room temperature; excess 
neat pyridinium hydrochloride at 190 to 280° C.; hydrobro 
mic acid in acetic acid at 0° C. to 50° C.; excess trimeth 
ylsilylbromide or trimethylsilyliodide in dichloromethane, 
carbon tetrachloride or acetonitrile at —78° C. to 50° C.; 
lithium iodide in pyridine or quinoline at temperatures from 
100° to 250° C. and one or more molar equivalents of ethyl, 
methyl or isopropyl mercaptan in the presence of one or 
more molar equivalents of a LeWis acid such as aluminum 
trichloride or boron tri?uoride in a solvent such as dichlo 
romethane at temperatures ranging from —78° C. to 50° C. 

The monoiodo methylether derivative of formula (Ic: B is 
I; D is H; R1 is Me) or the diiodo methylether of formula (Ic: 
B, D is I; R1 is Me) (Scheme 2) can be reacted With one or 
more molar equivalents of copper (I) bromide for the 
monoiodo analog or tWo or more molar equivalents of 
copper (I) bromide for the diiodo derivative to produce the 
monobromo methyl ether of formula (Ic: B is Br; D is H; R1 
is Me) or the dibromo-methyl ether of formula (Ic: B, D is 
Br; R1 is Me). The bromine/idodine exchange reaction is 
generally performed at temperatures ranging from 100° C. to 
250° C. employing polar aprotic solvents such as DMF, 
1-methyl-2-pyrrolidinone or HMPA. Quinoline or pyridine 
can also be used. The mono or dibromo methoxy analogs of 
formula (Ib: B is Br; D is H or Br; R1 is Me) can be 
converted to the corresponding mono or dibromo phenol 
analogs of formula (Ib: B is Br; D is H or Br; R1 is H) 
(Scheme 2) using standard demethylation procedures 
including one or more molar equivalents of boron tribromide 
or boron trichloride in dichloromethane at —78° C. to room 
temperature; excess neat pyridinium hydrochloride at 190 to 
280° C.; hydrobromic acid in acetic acid at 0° C. to 50° C.; 
excess trimethylsilylbromide or trimethylsilyliodide in 
dichloromethane, carbon tetrachloride or acetonitrile at —78° 
C. to 50° C.; lithium iodide in pyridine or quinoline at 
temperatures from 100° to 250° C. and one or more molar 
equivalents of ethyl, methyl or isopropyl mercaptan in the 
presence of one or more molar equivalents of a LeWis acid 
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8 
such as aluminum trichloride or boron tri?uoride in a solvent 
such as dichloromethane at temperatures ranging from —78° 
C. to 50° C. 
The phenols of formula (Ib: B, D is H, Br, I, CN, loWer 

alkyl; R1 is H) can be acylated on the phenolic oxygen using 
one or more molar equivalents of suitable acylating agent to 
provide the compounds of formula (Ib: B, D is H, Br, I, CN, 
loWer alkyl; R1 is OCOR; R is loWer alkyl, aryl). The 
acylating agent is generally a loWer alkyl or aryl carboxylic 
acid anhydride or a loWer alkyl or aryl carboxylic acid 
chloride. The reaction is run under standard conditions such 
as using pyridine as solvent With or Without a co-solvent 
such as dichloromethane at 0° C. to room temperature. 

Scheme 3 

Further derivatives of the compounds of formula (I) in 
Scheme 3 can be prepared by the folloWing methods. The 
phenols of formula (Id: B, D is H, Br, I, CN, loWer alkyl) can 
be alkylated With one or more molar equivalents of an alkyl 
haloacetate of formula (XZCHZCOZR3 Where X2 is Cl, Br or 
I and R3 is loWer alkyl) and With one or more molar 
equivalents of an alkali metal carbonate such as potassium 
carbonate in a polar aprotic solvent such as DMF to afford 
the alkylated product of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is CO2R3; R3is H; R3 is loWer alkyl). 
The phenols of formula (Id: B, D is H, Br, I, CN, loWer 

alkyl) can be reacted With a 2-hydroxy carboxylic acid ester 
of formula CH(OH)(R2)CO2R3 (R2 is H, loWer alkyl, 
aralkyl, aryl, CH2(1H-imidaZol-4-yl), CH2(3-1H-indolyl), 
CH2CH2(1,3-dioxo-1,3-dihydro-isoindol-2-yl), CH2CH2(1 
oxo-1,3-dihydro-isoindol-2-yl), CH2(3-pyridyl); R3 is loWer 
alkyl) to afford the esters of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is CO2R3; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1 H-indolyl), CH2CH2(1,3 
dioxo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-oxo-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl); R3 is loWer alkyl) 
under the conditions of the Mitsunobu Reactions (for a 
revieW see Oyo Mitsunobu Synthesis. 1981, 1—27). The 
other co-reagents necessary to effect the Mitsunobu Reac 
tion include one or more molar equivalents of a loWer alkyl 
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aZodicarboxylate diester such as diethyl aZodicarboxylate or 
diisopropyl aZodicarboxylate and one or more molar equiva 
lents of triarylphosphine such as triphenylphosphine in a 
suitable solvent such as diethyl ether, THF, benzene or 
toluene at temperatures ranging from —20° C. to 120° C. 

The 2-hydroxy carboxylic acid ester of formula CH(OH) 
(R2)CO2R3 (R2 is H, loWer alkyl, aralkyl, aryl, CH2(1H 
imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3-dioxo-1, 
3-dihydro-isoindol-2-yl), CH2CH2(1-oxo-1,3-dihydro 
isoindol-2-yl), CH2(3-pyridyl); R3 is loWer alkyl) are 
commercially available or can be prepared from commer 
cially available carboxylic acid precursors under standard 
esteri?cation conditions. (S)-(+)-2-Hydroxy-1-oxo-3 
dihydro-2-isoindolinebutyric acid, methyl ester can be pre 
pared from (S)-(+)-2-hydroxy-1,3-dioxo-2 
isoindolinebutyric acid, methyl ester via sequential 
treatment With 1) sodium borohydride in THF-Water; 2) 
tri?uoroacetic acid/chloroform; 3) triethylsilane/ 
tri?uoroacetic acid and 4) aqueous sodium bicarbonate. 
3-(Pyridin-3-yl)-phenyllactic acid, ethyl ester can be pre 
pared according to the tWo step procedure of B. A. Lefker, 
W. A. Hada, P. J. McGarry Tetrahedron Lett. 1994, 35, 
5205—5208, from commercially available 
3-pyridinecarboxaldehyde and ethyl chloroacetate. 

The esters of formula (Ie: B, D is H, Br, I, CN, loWer 
alkyl; W is COZBtu; R2 is H) can be treated With one or more 
molar equivalents of a strong base such as lithium diisopro 
pyl amide in a suitable solvent such as THF at temperatures 
ranging from —78° C. to room temperature. This procedure 
produces an anion alpha to the ester carbonyl. The resultant 
anion is treated With one or more molar equivalents of an 
alkyl halide of formula XZR2 (Where X2 is halogen; R2 is 
alkyl and aralkyl) and Warmed to room temperature to 
produce the alkylated ester of formula (Ie: B, D is H, Br, I, 
CN, loWer alkyl; W is COZtBu; R2is alkyl and aralkyl). 

The esters of formula (Ie: B, D is H, Br, I, CN, loWer 
alkyl; W is CO2R3; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3 
dioxo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-oxo-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl); R3 is loWer alkyl) 
can be transformed into their carboxylic acid analogs using 
standard conditions to afford the carboxylic acids of formula 
(Ie: B, D is H, Br, I, CN, loWer alkyl; W is COZH; R2 is H, 
loWer alkyl, aralkyl, aryl, CH2(1H-imidaZol- 4-yl), CH2(3 
1H-indolyl), CH2CH2(1,3-dioxo-1,3-dihydro-isoindol-2 
yl), CH2CH2(1-oxo-1,3-dihydro-isoindol-2-yl), CH2(3 
pyridyl)). The conditions to effect these transformations 
include aqueous base in Which one or more molar equiva 
lents of alkali metal hydroxide such as sodium hydroxide is 
used in Water With a co-solvent such as THF, dioxane or a 
loWer alcohol such as methanol or mixtures of THF and a 
loWer alcohol at temperatures ranging from 0° C. to 40° C. 
Alternatively, acid conditions may also be employed in 
Which the above mentioned carboxylic acid ester of formula 
(Ie) is reacted With one or more molar equivalents of a 
mineral acid such as HCl or sulfuric acid in Water With or 
Without a co-solvent such as THF at temperatures ranging 
from room temperature to 80° C. Still alternatively, many 
other conditions may be employed to effect the above 
mentioned ester to acid transformation leading to (Ie). These 
include reacting the carboxylic acid ester of formula (Ie) 
With one or more molar equivalents of boron tribromide or 
boron trichloride in dichloromethane at —78° C. to room 
temperature; one or more molar equivalents hydrobromic 
acid in acetic acid at 0° C. to 50° C.; one or more molar 
equivalents trimethylsilylbromide or trimethylsilyliodide in 
dichloromethane, carbon tetrachloride or acetonitrile at —78° 
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10 
C. to 50° C.; one or more molar equivalents lithium iodide 
in pyridine or quinoline at temperatures from 100° to 250° 
C. 
The phenols of formula (Id: B, D is H, Br, I, CN, loWer 

alkyl) can be alkylated With one or more molar equivalents 
of diethyl tri?uoromethyl sulfonyloxy methylphosphanate 
(D. P. Phillion and S. S. AndreW Tet. Lett. 1986, 1477—1480) 
and With one or more molar equivalents of an alkali metal 
hydride such as sodium hydride in a suitable solvent such as 
THF or DMF to afford the diethylphosphonate product of 
formula (Ie: B, D is H, Br, I, CN, loWer alkyl; W is PO3Et2; 
R2 is 
The phenols of formula (Id: B, D is H, Br, I, CN, loWer 

alkyl) can be reacted With a 2-hydroxy phosphonic acid 
diester of formula CH(OH)(R2)PO3(R3)2, (R2 is H, loWer 
alkyl, aralkyl, aryl, R3 is loWer alkyl)) to afford the phos 
phonic acid diesters of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is PO3(R3)2; R2 is H, loWer alkyl, aralkyl, 
aryl, R3 is loWer alkyl) under the conditions of the Mit 
sunobu Reactions (for a revieW see Oyo Mitsunobu Synthe 
sis 1981, 1—27). The other co-reagents necessary to effect the 
Mitsunobu Reaction include one or more molar equivalents 
of a loWer alkyl aZodicarboxylate diester such as diethyl 
aZodicarboxylate or diisopropyl aZodicarboxylate and one or 
more molar equivalents of triarylphosphine such as triph 
enylphosphine in a suitable solvent such as diethyl ether, 
THF, benZene or toluene at temperatures ranging from —20° 
C. to 120° C. 
The 2-hydroxy phosphonic acid diester of formula 

CH(OH)(R2)PO3R3 (R2 is H, loWer alkyl, aralkyl, aryl; R3 
is loWer alkyl) can be prepared by reacting a dialklylphos 
phonate of formula HP(O)(OR3)2 (R3 is loWer alkyl) With an 
aldehyde of formula RZCHO (R2 is loWer alkyl, aryl, 
aralkyl) under standard conditions. 
The phosphonic acid diesters of formula (Ie: B, D is H, Br, 

I, CN, loWer alkyl; W is PO3(R3)2; R2 is H, loWer alkyl, 
aralkyl, aryl, R3 is loWer alkyl) can be transformed into their 
phosphonic acid analogs using standard conditions to afford 
the phosphonic acids of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is PO3H2; R2 is H, loWer alkyl, aralkyl, aryl). 
The conditions that may also be employed in Which the 
above mentioned phosphonic acid diester of formula (Ie) is 
reacted With tWo or more molar equivalents of a mineral acid 
such as HCl or sulfuric acid in Water With or Without a 
co-solvent such as THF at temperatures ranging from 40 to 
100° C. Still alternatively, many other conditions may be 
employed to effect the above mentioned diester to acid 
transformation leading to (Ie). These include reacting the 
phosphonic acid diester of formula (Ie) With tWo or more 
molar equivalents of boron tribromide or boron trichloride in 
dichloromethane at —78° C. to room temperature; tWo or 
more molar equivalents hydrobromic acid in acetic acid at 0° 
C. to 50° C.; tWo or more molar equivalents trimethylsilyl 
bromide or trimethylsilyliodide in dichloromethane, carbon 
tetrachloride or acetonitrile at —78° C. to 50° C.; tWo or more 
molar equivalents lithium iodide in pyridine or quinoline at 
temperatures from 60° to 250° C. 
The esters of formula (Ie: B, D is H, Br, I, CN, loWer 

alkyl; W is CO2R3; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3 
dioxo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-oxo-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl); R4 is loWer alkyl) 
can be transformed into their primary carboxylic acid amide 
analogs of formula (Ie: B, D is H, Br, I, CN, loWer alkyl; W 
is CONH2; R2 is H, loWer alkyl, aralkyl, aryl, CH2(1H 
imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3-dioxo-1, 
3-dihydro-isoindol-2-yl), CH2CH2(1-oxo-1,3-dihydro 
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isoindol-2-yl), CH2(3-pyridyl)) by reacting the ester starting 
material With ammonia gas dissolved in a loWer alcohol 
solvent such as methanol or ethanol at temperatures ranging 
from 0° C. to 100° C. Alternatively, the carboXylic acids of 
formula (Ie: B, D is H, Br, I, CN, loWer alkyl; W is COZH; 
R2 is H, loWer alkyl, aralkyl, aryl, CH2(1H-imidaZol-4-yl), 
CH2(3-1H-indolyl), CH2CH2(1,3-dioXo-1,3-dihydro 
isoindol-2-yl), CH2CH2(1-oXo-1,3-dihydro-isoindol-2-yl), 
CH2(3-pyridyl)) can be transformed into their carboXylic 
acid amide analogs of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is CONH2; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3 
dioXo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-OXO-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl)). This transforma 
tion can be accomplished using standard methods to effect 
carboXylic acid to carboXylic acid amide transformations. 
These methods include converting the acid to an activated 
acid and reacting With one or more molar equivalents of the 
desired amine. Amines in this category include ammonia in 
the form of ammonium hydroxide, hydroXyl amine and 
2-aminopropionitrile. Methods to activate the carboXylic 
acid include reacting said acid With one or more molar 
equivalents of oXalyl chloride or thionyl chloride to afford 
the carboXylic acid chloride in a suitable solvent such as 
dichloromethane, chloroform or diethyl ether. This reaction 
is often catalyZed by adding small amounts (0.01 to 0.1 
molar equivalents) of dimethylformamide. Other methods to 
activate the carboXylic acid include reacting said acid With 
one or more molar equivalents dicycloheXylcarbodiimide 
With or Without one or more molar equivalents of hydroXy 
benZotriaZole in a suitable solvent such as dichloromethane 
or dimethylformamide at temperatures ranging from 00 C. to 
60° C. 

The phenols of formula (Id: B, D is H, Br, I, CN, loWer 
alkyl) can be alkylated With one or more molar equivalents 
of a haloacetonitrile of formula (XZCHZCN Where X2 is Cl, 
Br or I) and With one or more molar equivalents of an alkali 
metal carbonate such as potassium carbonate in a polar 
aprotic solvent such as DMF to afford the nitriles of formula 
(Ie: B, D is H, Br, I, CN, loWer alkyl W is CN; R2 is 

Alternatively, the carboXylic acid amide analogs of for 
mula (Ie: B, D is H, Br, I, CN, loWer alkyl; W is CONH2; 
R2 is H, loWer alkyl, aralkyl, aryl, CH2(1H-imidaZol-4-yl), 
CH2(3-1H-indolyl), CH2CH2(1,3-dioXo-1,3-dihydro 
isoindol-2-yl), CH2CH2(1-oXo-1,3-dihydro-isoindol-2-yl), 
CH2(3-pyridyl)) can be converted to their nitrile analogs of 
formula (Ie: B, D is H, Br, I, CN, loWer alkyl; W is CN; R2 
is H, loWer alkyl, aralkyl, aryl, CH2(1H-imidaZol-4-yl), 
CH2(3-1H-indolyl), CH2CH2(1,3-dioXo-1,3-dihydro 
isoindol-2-yl), CH2CH2(1-oXo-1,3-dihydro-isoindol-2-yl), 
CH2(3-pyridyl)) by using reagents that dehydrate the pri 
mary carboXamide function to the nitrile function. One set of 
conditions to effect this transformation include reacting the 
said primary carboXylic acid amide With one or more molar 
equivalents of tri?uoroacetic anhydride and tWo or more 
molar equivalents of pyridine in a suitable solvent such as 
dioXane at temperatures ranging from 60° C. to 120° C. 

The nitriles analogs of formula (Ie: B, D is H, Br, I, CN, 
loWer alkyl; W is CN; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1H-indolyl), CH2CH2(1,3 
dioXo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-OXO-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl)) can be converted to 
the tetraZoles of formula (Ie: B, D is H, Br, I, CN, loWer 
alkyl; W is 5-tetraZole; R2 is H, loWer alkyl, aralkyl, aryl, 
CH2(1H-imidaZol-4-yl), CH2(3-1 H-indolyl), CH2CH2(1,3 
dioXo-1,3-dihydro-isoindol-2-yl), CH2CH2(1-OXO-1,3 
dihydro-isoindol-2-yl), CH2(3-pyridyl)) by reacting the 
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12 
nitrile function With one or more molar equivalents of 
trimethylaluminum and one or more molar equivalents of 
trimethylsilyl aZide in a suitable solvent such as benZene or 
toluene at temperatures ranging from 60° C. to 120° C. 
Alternatively, the nitrile function can be reacted With one or 
more molar equivalents of ammonium aZide in a suitable 
solvent such as dimethylformamide at temperatures ranging 
from 60° C. to 160° C. 

Scheme 4 

(lg) 

Further derivatives of the compounds of formula (I) in 
Scheme 4 can be prepared by the folloWing methods. The 
phenols of formula (If: B, D is H, Br, I, CN, loWer alkyl) can 
be reacted With one or more molar equivalents of lithium 
(bis)trimethylsilylamide at temperatures ranging from —78° 
C. to room temperature and the lithium salt can be further 
reacted With one or more molar equivalents of 

5-bromothiaZolidine-2, 4-dione (prepared according to the 
method of Zask, et al., J. Med Chem, 1990, 33, 1418—1423) 
using a suitable solvent such as THF under an inert atmo 
sphere at temperatures ranging from —78° C. to room 
temperature to provide the compounds of formula (Ig: R1 is 
(R, S)—5-thiaZolidine-2,4-dione; B, D is H, Br, I, CN, loWer 
alkyl). 

Alternatively, the phenols of formula (If: B, D is H, Br, I, 
CN, loWer alkyl) can be reacted With one or more molar 
equivalents of tetraZole and di-tert-butyl N,N 
diethylphosporamidate in THF at room temperature fol 
loWed by addition of one or more molar equivalents of 
meta-chlorobenZoic acid at —40° C. according to the proce 
dure of J. W. Perich and R. B. Johns, Synthesis, 1988, 
142—144) to afford the phosphate diesters of formula (Ig: R1 
is P(O)(OtBu)2; B, D is H, Br, I, CN, loWer alkyl). These 
phosphate diesters are then treated With one or more molar 
equivalents hydrochloric acid in a suitable solvent such as 
dioXane to provide the phosphonic acids of formula (Ig: R1 
is P(O)(OH)2; B, D is H, Br, I, CN, loWer alkyl). 
The phenols of formula (If: B, D is H, Br, I, CN, loWer 

alkyl) can be transformed to the carboXylic acids of formula 
(Ig: R1 is C(CH3)2CO2H; B, D is H, Br, I, CN, loWer alkyl) 
by treatment of the phenols With tWo or more molar equiva 
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lents of solid sodium hydroxide followed by one or more 
molar equivalents of 1,1,1 -trichloro-2-methyl-2-propanol 
tetrahydrate in the presence of a large excess of acetone 
Which also serves as solvent. 

The phenols of formula (If: B, D is H, Br, I, CN, loWer 
alkyl) can be transformed to the carboxylic acids of formula 
(Ig: R1 is CH2CH2CO2H; B, D is H, Br, I, CN, loWer alkyl) 
by treatment With one or more molar equivalents of 
[3-propiolactone and treatment With one or more molar 
equivalents of potassium tert-butoxide in a suitable solvent 
such as THF. 

The phenols of formula (If: B, D is H, Br, I, CN, loWer 
alkyl) can be reacted With a 3-hydroxy carboxylic acid ester 
of formula CH(OH)(R“)H2CO2R3 (R4 is H or loWer alkyl; 
R3 is loWer alkyl) to afford the esters of formula (Ig: R1 is 
(R)—CH(R4)CH2CO2R3; B, D is H, Br, I, CN, loWer alkyl; 
R4 is H or loWer alkyl; R3 is loWer alkyl) under the 
conditions of the Mitsunobu Reactions (for a revieW see Oyo 
Mitsunobu Synthesis 1981, 1—27). The other co-reagents 
necessary to effect the Mitsunobu Reaction include one or 
more molar equivalents of a loWer alkyl aZodicarboxylate 
diester such as diethyl aZodicarboxylate or diisopropyl 
aZodicarboxylate and one or more molar equivalents of 
triarylphosphine such as triphenylphosphine in a suitable 
solvent such as diethyl ether, THF, benZene or toluene at 
temperatures ranging from —20° C. to 120° C. at tempera 
tures ranging from —20° C. to 120° C. 

The 3-hydroxy carboxylic acid ester of formula CH(OH) 
(R“)CH2CO2R3 (R4 is H or loWer alkyl; R3 is loWer alkyl) 
are commercially available or can be prepared from com 
mercially available carboxylic acid precursors under stan 
dard esteri?cation conditions. 

The esters of formula (Ig: R1 is (R)—CH(R4)CH2CO2R3; 
B, D is H, Br, I, CN, loWer alkyl; R4 is H or loWer alkyl; R4 
is loWer alkyl) can be transformed to the acids of formula 
(Ig: R1 is (R)—CH(R44)CH2CO2H; B, D is H, Br, I, CN, 
loWer alkyl; R4 is H or loWer alkyl) by several standard 
conditions Which include reacting the ester of formula (Ig) 
With tWo or more molar equivalents of a mineral acid such 
as HCl or sulfuric acid in one or more solvents or a 

combination of tWo or more solvents such as Water, THF or 
dioxane at temperatures ranging from 40 to 120° C. Still 
alternatively, many other conditions may be employed to 
effect the above mentioned ester to acid transformation 
leading to (lg). These include reacting the esters of formula 
(Ig) With tWo or more molar equivalents of boron tribromide 
or boron trichloride in dichloromethane at —78° C. to room 
temperature; tWo or more molar equivalents hydrobromic 
acid in acetic acid at 0° C. to 50° C.; tWo or more molar 
equivalents trimethylsilylbromide or trimethylsilyliodide in 
dichloromethane, carbon tetrachloride or acetonitrile at —78° 
C. to 50° C.; tWo or more molar equivalents lithium iodide 
in pyridine or quinoline at temperatures from 60° to 250° C. 

The compounds of this invention are useful in treating 
metabolic disorders related to insulin resistance or 
hyperglycemia, typically associated With obesity or glucose 
intolerance. The compounds of this invention are therefore, 
particularly useful in the treatment or inhibition of type II 
diabetes. The compounds of this invention are also useful in 
modulating glucose levels in disorders such as type I dia 
betes. 

The ability of compounds of this invention to treat or 
inhibit disorders related to insulin resistance or hyperglyce 
mia Was established With representative compounds of this 
invention in the folloWing tWo standard pharmacological test 
procedures Which measure the inhibition of PTPase. 
Inhibition of tri-phosphorylated insulin receptor dodeca 
phosphopeptide dephosphorylation by rat hepatic protein 
tyrosine phosphatases (PTPases) 
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14 
This standard pharmacological test procedure assess the 

inhibition of rat hepatic microsomal PTPase activity using, 
as substrate, the phosphotyrosyl dodecapeptide correspond 
ing to the 1142—1153 insulin receptor kinase domain, phos 
phorylated on the 1146, 1150 and 1151 tyrosine residues. 
The procedure used and results obtained are brie?y outlined 
beloW. 

Preparation of Microsomal Fraction: Rats (Male Sprague 
DaWley rats (Charles River, Kingston, NY.) Weighing 
100—150 g, maintained on standard rodent choW (Purina)) 
are sacri?ced by asphyxiation With CO2 and bilateral tho 
racotomy. The liver is removed and Washed in cold 0.85% 
(W/v) saline and Weighed. The tissue is homogeniZed on ice 
in 10 volumes of Buffer A and the microsomes are isolated 
essentially as described by Meyerovitch J, Rothenberg P, 
Shechter Y, Bonner-Weir S, Kahn CR. Vanadate normaliZes 
hyperglycemia in tWo mouse models of non-insulin 
dependent diabetes mellitus. J Clin Invest 1991; 
87:1286—1294 and Alberts B, Bray D, Lewis J, Raff M, 
Roberts K, Watson JD, editors. Molecular biology of the 
cell. NeW York: Garland Publishing, Inc., 1989 With minor 
modi?cations. The liver homogenate is ?ltered through silk 
to remove any remaining tissue debris and then is centri 
fuged at 10,000><g for 20 minutes at 40 C. The supernatant 
is decanted and centrifuged at 100,000><g for 60 minutes at 
40 C. The pellet, microsomes and small vesicles, is resus 
pended and lightly homogeniZed in: 20 mM TRIS-HCl (pH 
7.4), 50 mM 2-mercaptoethanol, 250 mM sucrose, 2 mM 
EDTA, 10 mM EGTA, 2 mM AEBSF, 0.1 mM TLCK, 0.1 
mM TPCK, 0.5 mM benZamidine, 25 ug/ml leupeptin, 5 
ug/ml pepstatin A, 5 ug/ml;H5B antipain, 5 ug/ml 
chymostatin, 10 ug/ml aprotinin (Buffer A), to a ?nal con 
centration of approximately 850 ug protein/ml. Protein 
concentration is determined by the Pierce Coomassie Plus 
Protein Assay using crystalline bovine serum albumin as a 
standard (Pierce Chemical Co., Rockford, Ill.). 

Measurement of PTPase activity: The malachite green 
ammonium molybdate method, as described by LanZetta PA, 
AlvareZ LJ, Reinach PS, Candia OA Was used. An improved 
assay for nanomolar amounts of inorganic phosphate. Anal. 
Biochem. 1979;100:95—97, and adapted for the platereader, 
is used for the nanomolar detection of liberated phosphate 
by rat hepatic microsomal PTPases. The test procedure uses, 
as substrate, a dodecaphosphopeptide custom synthesiZed by 
AnaSpec, Inc. (San Jose, Calif.). The peptide, 
TRDIYETDYYRK, corresponding to the 1142—1153 cata 
lytic domain of the insulin receptor, is tyrosine phosphory 
lated on the 1146, 1150 and 1151 tyrosine residues. The 
microsomal fraction (83.25 ul) is preincubated for 10 min at 
37 deg.C With or Without test compound (6.25 ul) and 305.5 
ul of the 81.83 mM HEPES reaction buffer, pH 7.4. Peptide 
substrate, 10.5 ul at a ?nal concentration of 50 uM, is 
equilibrated to 37 deg.C in a LABLINE Multi-Blok heater 
equipped With a titerplate adapter. The preincubated 
microsomal preparation (39.5 ul) With or Without drug is 
added to initiate the dephosphorylation reaction, Which 
proceeds at 37 deg.C for 30 min. The reaction is terminated 
by the addition of 200 ul of the malachite green-ammonium 
molybdate-TWeen 20 stopping reagent (MG/AM/TW). The 
stopping reagent consists of 3 parts 0.45% malachite green 
hydrochloride, 1 part 4.2% ammonium molybdate tetrahy 
drate in 4 N HCl and 0.5% TWeen 20. Sample blanks are 
prepared by the addition of 200 ul MG/AM/TW to substrate 
and folloWed by 39.5 ul of the preincubated membrane With 
or Without drug. The color is alloWed to develop at room 
temperature for 30 min and the sample absorbances are 
determined at 650 nm using a platereader (Molecular 
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Devices). Samples and blanks are prepared in quadrupli 
cates. Screening activity of 50 uM (?nal) drug is accessed 
for inhibition of microsomal PTPases. 

Calculations: PTPase activities, based on a potassium 
phosphate standard curve, are expressed as nmoles of phos 
phate released/min/mg protein. Test compound PTPase inhi 
bition is calculated as percent of control. A four parameter 
non-linear logistic regression of PTPase activities using SAS 
release 6.08, PROC NLIN, is used for determining IC50 
values of test compounds. All compounds Were administered 
at a concentration of 50 pM. The folloWing results Were 
obtained using representative compounds of this invention. 

% Change from 
Example Control 

8 —58.84 
9 —72.70 

Phenylarsine oxide —57.06 
(reference standard) 

Inhibition of Tri-Phosphorylated Insulin Receptor Dodeca 
phosphopeptide Dephosphorylation by hPTP1B 

This standard pharmacological test procedure assess the 
inhibition of recombinant rat protein tyrosine phosphatase, 
PTP1B, activity using, as substrate, the phosphotyrosyl 
dodecapeptide corresponding to the 1142—1153 insulin 
receptor kinase domain, phosphorylated on the 1146, 1150 
and 1151 tyrosine residues. The procedure used and results 
obtained are brie?y described beloW. 
Human recombinant PTP1B Was prepared as described by 

Goldstein (see Goldstein et al. Mol. Cell. Biochem. 109, 107, 
1992). The enZyme preparation used Was in microtubes 
containing 500—700 pig/ml protein in 33 mM Tris-HCl, 2 
mM EDTA, 10% glycerol and 10 mM 2-mercaptoethanol. 

Measurement of PTPase activity. The malachite green 
ammonium molybdate method, as described (LanZetta et al. 
Anal Biochem. 100, 95, 1979) and adapted for a platereader, 
is used for the nanomolar detection of liberated phosphate 
by recombinant PTP1B. The test procedure uses, as 
substrate, a dodecaphosphopeptide custom synthesiZed by 
AnaSpec, Inc. (San Jose, Calif.). the peptide, 
TRDIYETDYYRK, corresponding to the 1142—1153 cata 
lytic domain of the insulin receptor, is tyrosine phosphory 
lated on the 1146, 1150, and 1151 tyrosine residues. The 
recombinant rPTP1B is diluted With buffer (pH 7.4, con 
taining 33 mM Tris-HCl, 2 mM EDTA and 50 mM 
b-mercaptoethanol) to obtain an approximate activity of 
1000—2000 nmoles/min/mg protein. The diluted enZyme 
(83.25 mL) is preincubated for 10 min at 37° C. With or 
Without test compound (6.25 mL) and 305.5 mL of the 81.83 
mM HEPES reaction buffer, pH 7.4 peptide substrate, 10.5 
ml at a ?nal concentration of 50 mM, and is equilibrated to 
37° C. in a LABLINE Multi-Blok heater equipped With a 
titerplate adapter. The preincubated recombinant enZyme 
preparation (39.5 ml) With or Without drug is added to 
initiate the dephosphorylation reaction, Which proceeds at 
37° C. for 30 min. The reaction is terminated by the addition 
of 200 mL of the malachite green-ammonium molybdate 
TWeen 20 stopping reagent (MG/AM/TW). The stopping 
reagent consists of 3 parts 0.45% malachite green 
hydrochloride, 1 part 4.2% ammonium molybdate tetrahy 
drate in 4 N HCl and 0.5% TWeen 20. Sample blanks are 
prepared by the addition of 200 mL MG/AM/TW to substrate 
and folloWed by 39.5 ml of the preincubated recombinant 
enZyme With or Without drug. The color is alloWed to 
develop at room temperature for 30 min. and the sample 
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absorbances are determined at 650 nm using a platereader 
(Molecular Devices). Sample and blanks are prepared in 
quadruplicates. 

Calculations: PTPase activities, based on a potassium 
phosphate standard curve, are expressed as nmoles of phos 
phate released/min/mg protein. Inhibition of recombinant 
PTP1B by test compounds is calculated as percent of 
phosphatase control. A four parameter non-linear logistic 
regression of PTPase activities using SAS release 6.08, 
PROC NLIN, is used for determining IC5O values of test 
compounds. The folloWing results Were obtained. 

Example IC50 8 0.284 

9 0.074 
Phenylarsine oxide 39.7 
(reference standard) 

Sodium orthovanadate 244.8 

(reference standard) 
Ammonium molybdate 8.7 

tetrahydrate 
(reference standard) 

The blood glucose loWering activity of a representative 
compound of this invention Was demonstrated in an in vivo 
standard procedure using diabetic (ob/ob) mice. The proce 
dures used and results obtained are brie?y described beloW. 
The non-insulin dependent diabetic (NIDDM) syndrome 

can be typically characteriZes by obesity, hyperglycemia, 
abnormal insulin secretion, hyperinsulinemia and insulin 
resistance. The genetically obese-hyperglycemic ob/ob 
mouse exhibits many of these metabolic abnormalities and 
is thought to be a useful model to search for hypoglycemic 
agents to treat NIDDM [Coleman, D.: Diabetologia 14: 
141—148, 1978]. 

In each test procedure, mice [Male or female ob/ob (C57 
B1/6J) and their lean litermates (ob/+ or +/+, Jackson 
Laboratories) ages 2 to 5 months (10 to 65 g)] of a similar 
age Were randomiZed according to body Weight into 4 
groups of 10 mice. The mice Were housed 5 per cage and are 
maintained on normal rodent choW With Water ad libitum. 
Mice received test compound daily by gavage (suspended in 
0.5 ml of 0.5% methyl cellulose); dissolved in the drinking 
Water; or admixed in the diet. The dose of compounds given 
ranges from 2.5 to 200 mg/kg body Weight/day. The dose is 
calculated based on the fed Weekly body Weight and is 
expressed as active moiety. The positive control, ciglitaZone 
(5-(4-(1-methylcyclohexylmethoxy)benZyl)-2,4-dione, see 
Chang, A., Wyse, B., Gilchrist, B., Peterson, T. and Diani, A. 
Diabetes 32: 830—838, 1983.) Was given at a dose of 100 
mg/kg/day, Which produces a signi?cant loWering in plasma 
glucose. Control mice received vehicle only. 
On the morning of Day 4, 7 or 14 tWo drops of blood 

(approximately 50 ul) Were collected into sodium ?uoride 
containing tubes either from the tail vein or after decapita 
tion. For those studies in Which the compound Was admin 
istered daily by gavage the blood samples Were collected 
tWo hours after compound administration. The plasma Was 
isolated by centrifugation and the concentration of glucose 
is measured enZymatically on an Abbott V.P. AnalyZer. 

For each mouse, the percentage change in plasma glucose 
on Day 4, 7 or 14 is calculated relative to the mean plasma 
glucose of the vehicle treated mice. Analysis of variance 
folloWed by Dunett’s Comparison Test (one-tailed) are used 
to estimate the signi?cant difference betWeen the plasma 
glucose values from the control group and the individual 
compound treated groups (CMS SAS Release 5.18). 
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The results shown in the table below shows that the 
compounds of this invention are antihyperglycemic agents 
as they lower blood glucose levels in diabetic mice. 

% Change 
Glucose from % Change Insulin from 

Example Dose (mg/Kg) Vehicle Vehicle 

9 10 8.13 (a) -43.43 
Ciglitazone 100 —43 —39 
(reference 
standard 

(a) no signi?cant activity (p < 0.05) at this dose. 
(b) not measured 

Based on the results obtained in the standard pharmaco 
logical test procedures, representative compounds of this 
invention have been shown to inhibit PTPase activity and 
lower blood glucose levels in diabetic mice, and are there 
fore useful in treating metabolic disorders related to insulin 
resistance or hyperglycemia, typically associated with obe 
sity or glucose intolerance. More particularly, the com 
pounds of this invention useful in the treatment or inhibition 
of type II diabetes, and in modulating glucose levels in 
disorders such as type I diabetes. As used herein, the term 
modulating means maintaining glucose levels within clini 
cally normal ranges. 

Effective administration of these compounds may be 
given at a daily dosage of from about 1 mg/kg to about 250 
mg/kg, and may given in a single dose or in two or more 
divided doses. Such doses may be administered in any 
manner useful in directing the active compounds herein to 
the recipient’s bloodstream, including orally, via implants, 
parenterally (including intravenous, intraperitoneal and sub 
cutaneous injections), rectally, vaginally, and transdermally. 
For the purposes of this disclosure, transdermal administra 
tions are understood to include all administrations across the 
surface of the body and the inner linings of bodily passages 
including epithelial and mucosal tissues. Such administra 
tions may be carried out using the present compounds, or 
pharmaceutically acceptable salts thereof, in lotions, creams, 
foams, patches, suspensions, solutions, and suppositories 
(rectal and vaginal). 

Oral formulations containing the active compounds of this 
invention may comprise any conventionally used oral forms, 
including tablets, capsules, buccal forms, troches, loZenges 
and oral liquids, suspensions or solutions. Capsules may 
contain mixtures of the active compound(s) with inert ?llers 
and/or diluents such as the pharmaceutically acceptable 
starches (e. g. corn, potato or tapioca starch), sugars, arti?cial 
sweetening agents, powdered celluloses, such as crystalline 
and microcrystalline celluloses, ?ours, gelatins, gums, etc. 
Useful tablet formulations may be made by conventional 
compression, wet granulation or dry granulation methods 
and utiliZe pharmaceutically acceptable diluents, binding 
agents, lubricants, disintegrants, suspending or stabiliZing 
agents, including, but not limited to, magnesium stearate, 
stearic acid, talc, sodium lauryl sulfate, microcrystalline 
cellulose, carboxymethylcellulose calcium, 
polyvinylpyrrolidone, gelatin, alginic acid, acacia gum, xan 
than gum, sodium citrate, complex silicates, calcium 
carbonate, glycine, dextrin, sucrose, sorbitol, dicalcium 
phosphate, calcium sulfate, lactose, kaolin, mannitol, 
sodium chloride, talc, dry starches and powdered sugar. Oral 
formulations herein may utiliZe standard delay or time 
release formulations to alter the absorption of the active 
compound(s). Suppository formulations may be made from 
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traditional materials, including cocoa butter, with or without 
the addition of waxes to alter the suppository’s melting 
point, and glycerin. Water soluble suppository bases, such as 
polyethylene glycols of various molecular weights, may also 
be used. 

It is understood that the dosage, regimen and mode of 
administration of these compounds will vary according to 
the malady and the individual being treated and will be 
subject to the judgment of the medical practitioner involved. 
It is preferred that the administration of one or more of the 
compounds herein begin at a low dose and be increased until 
the desired effects are achieved. 
The following procedures describe the preparation of 

representative examples of this invention. 

EXAMPLE 1 
4.5—Dimethyl-2-furaldehyde 

According to the procedure of S. F. Martin, et al. J. Org. 
Chem. 1984, 49, 2512—2516, phosphorus oxychloride (10.7 
mL, 114.4 mmol) was added dropwise to a stirred, ambient 
temperature solution of 2,3-dimethylfuran (10 g, 104 mmol) 
in DMF (150 mL) under a dry nitrogen atmosphere over a 
period of 30 min. After 3 h., the reaction mixture was 
hydroliZed with 2.5 N aq. sodium hydroxide and further 
diluted with water (50 mL). Aqueous mixture was extracted 
with dichloromethane (2x300 mL). The combined dichlo 
romethane extracts were washed with water, dried with brine 
and puri?ed by silica gel ?ash chromatography (eluent: ethyl 
acetate) to provide a yellow oil (9.8 g, 76%); MS (ESI): 
[M+H]+, 125.1. 

EXAMPLE 2 
BenZo[b]thiophen-2-yl-(2,3-dimethyl-furan-5-yl)-methanol 

n-Butyl lithium (2.5 N in hexanes, 32.2 mL, 80.5 mmol) 
was added to a stirred solution of thianaphthene (10.6 g, 78.9 
mmol) in THE (290 mL) at —78° C. After 15 min., a solution 
of 4,5-dimethyl-2-furaldehyde (9.79 g, 78.9 mmol) in THF 
(10 mL) was added. After additional 1 hour, the reaction 
mixture was quenched with 10% aqueous ammonium chlo 
ride (150 mL) and further diluted with water (150 mL). 
Aqueous mixture was extracted with dichloromethane. The 
combined dichloromethane extracts were washed with 
water, dried with brine and anhydrous Na2SO4, and con 
centrated to provide the title compound as an yellow oil 
(20.84 g, 100%): NMR (DMSO-d6); 67.89 (d, J=8 HZ, 1H), 
7.76 (d, J=8, HZ, 1H), 7.35—7.26 (m, 2H), 7.25 (s, 1H), 6.36 
(s, 1H), 6.08 (s, 1H), 5.92 (s, 1H), 2.13 (s, 3H), 1.86 (s, 3H); 
MS (EI): [M+], 258. 

EXAMPLE 3 
BenZo[b]thiophen-2-yl-(2,3-dimethyl-furan-5yl)-methane 

Tri?uoroacetic acid (30 mL) was added dropwise to a rt, 
stirred suspension of benZo[b]thiophen-2-yl-(2,3-dimethyl 
furan-5-yl)-methanol (9.56 g, 40.0 mmol) and sodium boro 
hydride (7.0 g, 200 mL) in carbon disul?de (100 mL) under 
a try N2 atmosphere over a period of 30 min. After an 
additional 3 hours, the reaction mixture was carefully 
quenched and further diluted with aqueous ammonium chlo 
ride (250 mL). Aqueous mixture was extracted with ethyl 
ether (500 mL). The ethyl ether extract was washed with 
water and brine. Silica gel (100 mL) was added. Solvents 
were removed and the silica adsorbate was ?ash chromato 
graphed (eluent 99:1 petroleum ether: ethyl acetate) to 
provide the title compound as an oil (3.75 g, 42%): NMR 
(CDCl3); 67.74 (d, J=8 HZ, 1H), 7.67 (d, J=8, HZ, 1H), 
7.35—7.22 (m, 2H), 7.08 (d, J=1 HZ, 1H), 5.93 (s, 1H), 4.15 
(s, 2H), 2.17 (s, 3H), 1.90 (s, 3H); MS (EI): [M+], 242. 
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EXAMPLE 4 

4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren-4-yl) 
phenyl methyl ether 

Tin tetrachloride (7.6 mL, 65.2 mmol) Was added drop 
Wise to a —78° C., stirred solution of benZo[b]thiophen-2 
yl-(2,3-dimethyl-furan-5-yl)-methane (3.96 g, 16.3 mmol) 
and anisoyl chloride (3.07 g, 17.93 mL) in carbon disul?de 
(100 mL) under a try N2 atmosphere over a period of 30 
min. After the addition completed, the solution Was alloWed 
to Warm to 0° C. After 9 h. the reaction mixture Was 
carefully quenched With and further diluted With Water (350 
mL). Aqueous mixture Was extracted With ethyl ether. The 
ethyl ether extracts Were Washed With Water, 10% aqueous 
sodium bicarbonate and Water and dried With brine. Silica 
gel (90 mL) Was added. Solvents Were removed and the 
silica adsorbate Was ?ash chromatographed (eluent 99:1 
petroleum ether:ethyl acetate) to provide the title compound 
as a light yelloW solid (1.1 g, 25%): NMR (CDCl3); 67.81 
(s, 1H), 7.76 (d, J=8, HZ, 1H), 7.36—7.24 (m, 3H), 7.11—7.00 
(m, 3H), 6.85 (d, J=8 HZ, 1H), 3.96 (s, 3H), 2.37 (s, 3H), 
1.55 (s, 3H); MS (EI): [M+], 358. 

EXAMPLE 5 

4-(2,3-Dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren-4-yl) 
phenol 

Boron tribromide (1.0 M solution in methylene chloride, 
14.7 mL, 14.7 mmol) Was added dropWise to a —78° C., 
stirred solution of 4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta 
[b]?uoren-4-yl)-phenyl methyl ether (1.05 g, 2.9 mmol) in 
methylene chloride (42 mL) under a try N2 atmosphere. 
After 40 min., the solution Was alloWed to Warm to ambient 
temperature. After 2.5 h. the reaction mixture Was carefully 
quenched With 10% aqueous sodium bisul?de and further 
diluted With Water (150 mL). Aqueous mixture Was 
extracted With methylene chloride (300 mL). The methylene 
chloride extract Was Washed With Water and dried With brine. 
Silica gel (25 mL) Was added. Solvents Were removed and 
the silica adsorbate Was ?ash chromatographed (eluent 
85:15 petroleum ether:ethyl acetate) to provide the methyl 
ester as a broWn solid (0.951 g, 94%).: mp 174—175° C.: 
NMR (CDCl3): 67.81 (s, 1H), 7.76 (d, J=8, HZ, 1H), 
7.31—7.27(m, 3H), 7.08—7.00 (m, 3H), 6.87 (d, J=8 HZ, 1H), 
5.00 (s, 1H), 2.37 (s, 3H), 1.58 (s, 3H); MS (EI): [M+], 344. 

EXAMPLE 6 

4-(2,3-Dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren-4-yl)-2, 
6-diiodo-phenol 

Iodine (0.701 g, 2.76 mmol) Was added portionWise to a 
stirred, 0° C. solution of 4-(2,3-dimethyl-1-oxa-9-thia 
cyclopenta[b]?uoren-4-yl)-phenol (0.336 g, 1.06 mmol), 
sodium hydroxide (97%, 0.087 g, 2.12 mmol) in methanol 
(17 mL) over a period of 30 min. and the mixture Was stirred 
at 0° C. for 2.5 h. and at ambient temperature for 15 h. The 
reaction mixture Was quenched With 10% aqueous hydro 
chloride to pH 1 and diluted With Water. Aqueous mixture 
Was extracted With ethyl acetate (100 mL). The ethyl acetate 
Was Washed With 5% sodium bisul?te (50 mL) and Water and 
dried With brine. Silica gel (8 mL) Was added. Solvent Was 
removed and the adsorbate Was ?ash chromatographed 
(eluent 75:25 petroleum ether:methylene chloride) to pro 
vide the title compound as a White solid (0.34 g, 54%): NMR 
(CDCl3); 67.83 (s, 1H), 7.81 (s, 2H), 7.80 (d, J=8, HZ, 1H), 
7.33 (dd, J=8, 7, HZ, 1H), 7.15 (dd, J=8, 7, HZ, 1H), 6.98 (d, 
J=8 HZ, 1H), 5.99 (s, 1H), 2.37 (s, 3H), 1.61 (s, 3H); MS 
(EI): [M+], 596. 
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EXAMPLE 7 

(S)-2-Hydroxy-3-phenylpropionic acid, methyl ester 
A solution of commercially available (S)-2-hydroxy-3 

phenylpropionic acid (5.0 g, 30.1 mmol) and 
p-toluenesulfonic acid hydrate (1 g) in methanol (125 mL) 
Was re?uxed With removal of Water using 3A molecular 
sieves for 17 h. The solution Was concentrated and dissolved 
in ether. The ether solution Was Washed With saturated 
sodium bicarbonate, brine and concentrated to provide the 
title compound as a White solid (5.32 g, 98%): NMR 
(CDCl3); 67.36—7.20 (m, 5H), 4.47 (ddd, J=5, 6, 7 HZ, 1H), 
3.78 (s, 3H), 3.14 (dd, J=5, 14 HZ, 1H), 2.97 (dd, J=7, 14 
HZ), 2.69 (d, J=6 HZ, 1H). 

EXAMPLE 8 

(R)-2-[4-(2,3-Dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren 
4-yl)-2,6-diiodo-phenoxy]-propionic acid 

DiethylaZodicarboxylate (0.075 mL, 0.48 mmol) Was 
added dropWise to a stirred, ambient temperature solution of 
4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren-4-yl)-2, 
6-diiodo-phenol (0.19 g, 0.32 mmol), methyl(-s)-(—)lactate 
(98%, 0.050 g, 0.48 mmol) and triphenylphosphine (0.125 g, 
0.48 mmol) in benZene (1.6 mL) under a dry nitrogen 
atmosphere. The solution Was heated in an 800 C. oil bath for 
3.0 h. Upon cooling to room temperature, the reaction 
mixture Was diluted With dichloromethane and silica gel (3 
mL) Was added. Solvents Were removed and the silica 
adsorbate Was ?ash chromatographed (eluent 9:1 petroleum 
ether:ethyl acetate) to provide the methyl ester as a White 
solid (0.113 g, 52%): Aqueous potassium hydroxide (1.0 N, 
0.36 mL, 0.36 mmol) Was added to a stirred solution of this 

methyl ester (0.110 g, 0.161 mmol) in dioxane (1.0 mL) at 
ambient temperature. After 32 h, the reaction mixture Was 
quenched With 10% aqueous hydrochloride to pH 1 and 
further diluted With Water (40 mL). Aqueous mixture Was 
extracted With ethyl ether (50 mL). The ethyl ether extract 
Was Washed With Water, dried With brine and anhydrous 
MgSO4, and concentrated to provide the title compound as 
an off-White solid (0.104 g, 96%): mp 218—219° C.: NMR 
(CDCl3): 67.97 (s, 2H), 7.85 (s, 1H), 7.81 (d, J=8, HZ, 1H), 
7.34 (ddd, J=8, 7, 1 HZ, 1H), 7.12 (ddd, J=8, 7, 1 HZ, 1H), 
6.87 (d, J=8 HZ, 1H), 5.46 (q, J=7 HZ, 1H, CH), 2.38 (s, 3H), 
1.77 (d, J=7 HZ, 3H), 1.61 (s, 3H); MS (+FAB): [M+], 667.8, 
[M+H]+, 668.9; Anal. Calc. for C25H18I204S: C, 44.93, H, 
2.72, N, 0.00. Found: C, 44.77, H, 2.63, N, 0.20. 

EXAMPLE 9 

(R)-2-[4-(2,3-Dimethyl-1-oxa-9-thia-cyclopenta[b]?uoren 
4-yl)-2,6-diiodo-phenoxy]—3-phenyl-propionic acid 

Prepared from 4-(2,3-dimethyl-1-oxa-9-thia-cyclopenta 
[b]?uoren-4-yl)-2,6-diiodo-phenol and (S)-2-hydroxy-3 
phenylpropionic acid, methyl ester according to the proce 
dure in Example 8 to provide the title compound as a White 
solid: mp 215—217: NMR (DMSO-d6): 68.17 (s, 1H), 7.94 
(d, J=8 HZ, 1H), 7.85 (d, J=4 HZ, 2H), 7.39—7.30 (m, 5H), 
7.22 (dd, J=7 HZ, 1H), 7.16 (dd, J=7, 1 HZ, 1H), 6.87 (d, J=8 
HZ, 1H), 5.41 (s, 1H), 3.43 (dd, J=6, 1 HZ, 2H), 2.36 (s, 3H), 
1.56 (s, 3H); MS (+FAB): [M+H]+, 745; Anal. Calc. for 
C31H22I204S: C, 50.02, H, 2.98, N, 0.00. Found: C,47.59, 
H, 2.98, N, 0.13. 
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What is claimed is: 
1. A compound of formula I having the structure 

(I) 

wherein 

B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, —CH(4)CH2CO2R3, —COR3, or 
—PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, or aryl; 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN> or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
aryl and the aryl portion of the arylalkyl group are each, 

independently, phenyl or naphthyl, Wherein the aryl 
moiety may be optionally mono-, di-, or tri-substituted 
With a substituent selected from the group consisting of 
alkyl of 1—6 carbon atoms, alkoXy of 1—6 carbon atoms, 
tri?uoromethyl, halogen, alkoXycarbonyl of 2—7 carbon 
atoms, alkylamino of 1—6 carbon atoms, and dialky 
lamino in Which each of the alkyl groups is of 1—6 
carbon atoms, nitro, cyano, —COZH, alkylcarbonyloXy 
of 2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon 
atoms, 

or a pharmaceutically acceptable salt thereof. 
2. The compound according to claim 1, Wherein B and D 

are halogen. 
3. The compound according to claim 2, Wherein R1 is 

hydrogen or —CH(R2)W. 
4. The compound according to claim 3, Wherein 
R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 

6—12 carbon atoms, or aryl; 

W is —CO2R3, or CONH2, and 
R3 is hydrogen, or alkyl of 2—6 carbon atoms. 
5. The compound according to claim 1, Which is 4-(2,3 

dimethyl-1-oXa-9-thia-cyclopenta[b]?uoren-4-yl)-phenyl 
methyl ether. 

6. The compound according to claim 1, Which is 4-(2,3 
dimethyl-1-oXa-9-thia-cyclopenta[b]?uoren-4-yl)-phenol or 
a pharmaceutically acceptable salt thereof. 

7. The compound according to claim 1, Which is 4-(2,3 
dimethyl-1-oXa-9-thia-cyclopenta[b]?uoren-4-yl)-2,6 
diiodo-phenol or a pharmaceutically acceptable salt thereof. 

8. The compound according to claim 1, Which is (R)-2 
[4-(2,3-dimethyl-1-oXa-9-thia-cyclopenta[b]?uoren-4-yl)-2, 
6-diiodo-phenoXy]-propionic acid or a pharmaceutically 
acceptable salt thereof. 

9. The compound according to claim 1, Which is (R)-2 
[4-(2,3-dimethyl-1-oXa-9-thia-cyclopenta[b]?uoren-4-yl)-2, 
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6-diiodo-phenoXy]—3-phenyl-propionic acid or a pharma 
ceutically acceptable salt thereof. 

10. A method of treating metabolic disorders mediated by 
insulin resistance or hyperglycemia in a mammal in need 
thereof Which comprises administering to said mammal, a 
compound of formula I having the structure 

(I) 

Wherein 
B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH322CO2R3, —CH(R4)CH2CO2R3, —COR3, or 
—PO3(R )2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, or aryl; 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
aryl and the aryl portion of the arylalkyl each, 

independently, phenyl or naphthyl, Wherein the aryl 
moiety may be optionally mono-, di-, or tri-substituted 
With a substituent selected from the group consisting of 
alkyl of 1—6 carbon atoms, alkoXy of 1—6 carbon atoms, 
tri?uoromethyl, halogen, alkoXycarbonyl of 2—7 carbon 
atoms, alkylamino of 1—6 carbon atoms, and dialky 
lamino in Which each of the alkyl groups is of 1—6 
carbon atoms nitro, cyano, —COZH, alkylcarbonyloXy 
of 2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon 
atoms, 

or a pharmaceutically acceptable salt thereof. 
11. A method of treating or inhibiting type II diabetes in 

a mammal in need thereof Which comprises administering to 
said mammal, a compound of formula I having the structure 

(I) 

Wherein 
B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 
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R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, —CH(4)CH2CO2R3, —COR3, or 
—PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, or aryl; 

W is —CO2R3, —CONH, —CONHOH, —CN, CONH 
(CH2)2CN, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
aryl and the aryl portion of the arylalkyl group are each, 

independently, phenyl or naphthyl, Wherein the aryl 
moiety may be optionally mono-, di-, or tri-substituted 
With a substituent selected from the group consisting of 
alkyl of 1—6 carbon atoms, alkoXy of 1—6 carbon atoms, 
tri?uoromethyl halogen, alkoXycarbonyl of 2—7 carbon 
atoms, alkylamino of 1—6 carbon atoms, and dialky 
lamino in Which each of the alkyl groups is of 1—6 
carbon atoms, nitro, cyano, —COZH, alkylcarbonyloXy 
of 2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon 
atoms, 

or a pharmaceutically acceptable salt thereof. 
12. A method of modulating glucose levels in a mammal 

in need thereof Which comprises administering to said 
mammal, a compound of formula I having the structure 

(I) 

Wherein 

B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, —CH(4)CH2CO2R3, —COR3, or 
—PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, or aryl; 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
aryl and the aryl portion of the arylalkyl group are each, 

independently, phenyl or naphthyl, Wherein the aryl 
moiety may be optionally mono-, di-, or tri-substituted 
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With a substituent selected from the group consisting of 
alkyl of 1—6 carbon atoms, alkoXy of 1—6 carbon atoms, 
tri?uoromethyl, halogen, alkoXycarbonyl of 2—7 carbon 
atoms, alkylamino of 1—6 carbon atoms, and dialky 
lamino in Which each of the alkyl groups is of 1—6 
carbon atoms, nitro, cyano, —COZH, alkylcarbonyloXy 
of 2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon 
atoms, 

or a pharmaceutically acceptable salt thereof. 
13. A pharmaceutical composition Which comprises a 

compound of formula I having the structure 

(I) 

Wherein 

B and D are each, independently, hydrogen, halogen, 
—CN, alkyl of 1—6 carbon atoms, aryl, or aralkyl of 
6—12 carbon atoms; 

R1 is hydrogen, alkyl of 1—6 carbon atoms, —CH(R2)W, 
—C(CH3)2CO2R3, —CH(R4)CH2CO2R3, —COR3, or 
—PO3(R3)2; 

R2 is hydrogen, alkyl of 1—6 carbon atoms, aralkyl of 
6—12 carbon atoms, or aryl; 

W is —CO2R3, —CONH2, —CONHOH, —CN, CONH 
(CH2)2CN, or —PO3(R3)2; 

R3 is hydrogen, alkyl of 1—6 carbon atoms, or aryl; 
R4 is hydrogen or alkyl of 1—6 carbon atoms; 
aryl and the aryl portion of the group are each, 

independently, phenyl or naphthyl, Wherein the aryl 
moiety may be optionally mono-, di-, or tri-substituted 
With a substituent selected from the group consisting of 
alkyl of 1—6 carbon atoms, alkoXy of 1—6 carbon atoms, 
tri?uoromethyl, halogen, alkoXycarbonyl of 2—7 carbon 
atoms, alkylamino of 1—6 carbon atoms, and dialky 
lamino in Which each of the alkyl groups is of 1—6 
carbon atoms, nitro, cyano, —COZH, alkylcarbonyloXy 
of 2—7 carbon atoms, and alkylcarbonyl of 2—7 carbon 
atoms, 

or a pharmaceutically acceptable salt thereof, and a phar 
maceutical carrier. 


